
This is the print version of the Skeptical Science  article ' It's freaking cold!', which can be found at http://sks.to/cold.

Does cold weather disprove global warming?

What The Science Says:
A local cold day has nothing to do with the long-term trend of increasing global temperatures.

Climate Myth: It's freaking cold!
"Austria is today seeing its earliest snowfall in history with 30 to 40 centimetres already predicted in the
mountains. Such dramatic falls in temperatures provide superficial evidence for those who doubt that
the world is threatened by climate change." (Mail Online)

At a glance
Late November-early December 2010 saw a memorable, bitterly cold snap in the UK that many residents
will still remember. According to the UK Met Office on the night of November 27-28:

"Last night saw November minimum temperature records fall across the country. Most notably both Wales
and Northern Ireland recorded the coldest November night since records began. In Wales, temperatures fell
to -18 °C at Llysdinam, near Llandrindod Wells, Powys. Northern Ireland recorded -9.5 °C at Lough Fea.
Scotland recorded a minimum temperature of -15.3 °C at Loch Glascarnoch, whilst England recorded -13.5
°C at Topcliffe in North Yorkshire."

Brr! But it pays to have a bit of a look around. Did you know that during the very same night, parts of
Western Greenland hit plus 13 Celsius? That's more than 30 degrees Celsius warmer than Wales!

The reason for that remarkable difference in temperature was the weather. An elongated and slow-moving
area of high pressure was situated in the North Atlantic, extending up into the Arctic. As a consequence,
because air flows around high pressure systems in a clockwise direction, on the high's left flank warm air
was being dragged up into normally chilly Western Greenland. But down its right flank there came cold Arctic
air, surging southwards towards Europe, hence those unusually low temperatures.

It's easy to confuse current weather events with long-term climate trends. It's a bit like being at the beach,
trying to figure out if the tide is rising or falling just by watching two or three individual waves roll in and out.
The slow change of the tide is masked by the constant churning of the waves. Watch for 20-30 minutes and
you should get a much better idea.

In a similar way, the normal ups and downs of local weather can often mask slow changes in global climate.
To find climate trends you need to look at how weather is changing over a longer time span. Looking at high
and low temperature data from recent decades shows that new record highs occur nearly twice as often as
new record lows. New records for cold weather will continue to be set (although that -18C for Wales in
November 2010 will take some beating), but global warming's gradual influence will make them increasingly
rare.

Please use this form to provide feedback about this new "At a glance" section. Read a more
technical version below or dig deeper via the tabs above!

Further details
Since the mid 1970s, global temperatures have been warming at around 0.2°C per decade. However,
weather imposes its own dramatic ups and downs over the long term trend. Hence the contrasting example
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given above where temperatures on a late November 2010 night were 30C apart in Western Greenland
and Wales - and not in the geographical order one would naturally expect!

Record cold temperatures can thus occur even as global average temperatures continue to rise.
Nevertheless, who hasn't heard someone on a cold day mutter, "what happened to global warming?!"
Americans in particular will recall the snowball-waving stunt by former senator and conspiracy theorist
James Inhofe on the floor of the U.S. Senate in February 2015. This is the childish level of debate that we
often have to put up with.

But it's human nature to remember unusual events such as record heat waves and freezing cold spells.
Mentally calculating long term statistical trends doesn't come quite as easy as recalling that cold morning a
few winters ago or that sweltering heat wave last summer. However, we can learn something about climate
trends from those record hot and cold days.

A record daily high or low temperature means that the temperature was warmer or colder on that particular
day than on the same date throughout a weather station's history. In a world with no overall temperature
trend, as time passes, the number of record high and low temperatures would tend to diminish. This is
because as the years roll on and records accumulate, it becomes increasingly difficult to break a record. But
we live in a warming world. An abstract presented at a conference a few years ago (Hausfather et al. 2021)
examined record high and low U.S. temperatures since 1910. Figure 1 shows the number of record high
temperatures (red bars) and record low temperatures (blue bars). If temperatures weren't warming, we would
expect the number of record highs and lows to be roughly equal. Instead, the highs and lows diverge over
time with gradually more record highs than lows.

Figure 1: Changes in the occurrence of record-setting daily maximum (TMax) and minimum (TMin)
temperatures per decade in the US based on Berkeley Earth US gridded daily homogenized data using 340
equal area gridcells. (Hausfather et al. 2021, AGU Fall meeting)

To examine this further, the ratios of record highs versus record lows were calculated for each year. During
the 1960s, there were more record lows than highs. However, when the global warming period began in the
1970s, the ratio of highs to lows began to increase. Over the last decade in their dataset, daily record high
temperatures occurred many times more often than record lows.

Looking ahead, Fischer et al. (2021) found that record-shattering extreme heat events were likely to be
encountered more often in the coming decades. They note, however, that such drastic record-breakers
would be “nearly impossible” in the absence of global warming. In an interview with Carbon Brief, the lead
author stated that extremes in a changing climate are like an athlete on steroids – who suddenly breaks
previous records in a step-change manner. The following year saw a UK heatwave that did precisely that,
with temperature records going down like ninepins and the first 40C daytime maximum recorded from there.

So, while we can still expect cold days and even record cold days, in a warming world there's a much
greater chance of daily record highs instead of lows. This tendency towards hotter days is expected to
increase as global warming continues through the 21st Century.

Cartoon summary
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This Cranky Uncle cartoon depicts the "Anecdote" fallacy for which the climate myth "It’s cold!" is a prime
example. It uses personal experience or isolated examples instead of sound arguments or compelling
evidence. It pairs up nicely with the "It's dark ... the sun doesn't exist" cartoon using the same fallacious
reasoning. Please see the accompanying blog post for more information about the cartoon collection.

The Skeptical Science website by Skeptical Science is licensed
under a Creative Commons Attribution 3.0 Unported License.

uote>

Numerous studies have also investigated the effectiveness of GCRs in cloud formation (the third step). 
Kazil et al. (2006) found:

"the variation of ionization by galactic cosmic rays over the decadal solar cycle does not entail a
response...that would explain observed variations in global cloud cover."

Sloan and Wolfendale (2008) found:

"we estimate that less than 23%, at the 95% confidence level, of the 11-year cycle changes in
the globally averaged cloud cover observed in solar cycle 22 is due to the change in the rate of
ionization from the solar modulation of cosmic rays."

Kristjansson et al. (2008) found:

"no statistically significant correlations were found between any of the four cloud parameters and
GCR"

Calogovic et al. (2010) found:

"no response of global cloud cover to Forbush decreases at any altitude and latitude."

Kulmala et al. (2010) found

"galactic cosmic rays appear to play a minor role for atmospheric aerosol formation events, and
so for the connected aerosol-climate effects as well."

Laken et al. (2013) found

"there is no robust evidence of a widespread link between the cosmic ray flux and clouds."

Krissansen-Totton & Davies (2013) found

"no statistically significant correlations between cosmic rays and global albedo or globally
averaged cloud height, and no evidence for any regional or lagged correlations"

In the CERN CLOUD experiments, Almeida et al. (2013) found

"ionising radiation such as the cosmic radiation that bombards the atmosphere from space has
negligible influence on the formation rates of these particular aerosols [that form clouds]"
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Although there was a correlation between GCRs and low-level cloud cover until about 1991, after that point
the correlation broke down (Laut 2003) and cloud cover began to lag GCR trends by over 6 months, while
cloud formation should occur within several days (Yu 2000).

Figure 6: Low cloud cover (blue line) versus cosmic ray intensity (red line) (Laut 2003).

Low-Level Cloud Cover

Unfortunately observational low-level cloud cover data is somewhat lacking and even yields contradictory
results.  Norris (2007) found

"Global mean time series of surface- and satellite-observed low-level and total cloud cover
exhibit very large discrepancies, however, implying that artifacts exist in one or both data
sets....The surface-observed low-level cloud cover time series averaged over the global ocean
appears suspicious because it reports a very large 5%-sky-cover increase between 1952 and
1997. Unless low-level cloud albedo substantially decreased during this time period, the reduced
solar absorption caused by the reported enhancement of cloud cover would have resulted in
cooling of the climate system that is inconsistent with the observed temperature record."

So the jury is still out regarding whether or not there's a long-term trend in low-level cloud cover.

Lack of evidence for significant historical climate impacts

Sloan & Wolfendale (2013) examined the influence of cosmic rays on the climate over the past billion years.
They found that changes in the galactic cosmic ray intensity are too small to account for significant climate
changes on Earth. This was also the conclusion of Feng & Bailer-Jones (2013).

Inability to explain other observations

In addition to these multiple lines of empirical evidence which contradict the GCR warming theory, the
galactic cosmic ray theory cannot easily explain a number of observed fingerprints of the increased
greenhouse effect, such as the cooling of the upper atmosphere and greater warming at night than day.

Additionally, because cosmic radiation shows greater variation in high latitudes, we expect larger changes in
cloud cover in polar regions if GCRs are succesfully influencing cloud cover.  This is not observed. 
Furthermore, examining the nuclear reactor accident at Chernobyl, ionization from the radioactivity would be
expected to have produced an increase in cloud cover.  There is no evident increase in cloud cover following
the accident (Sloan & Wolfendale 2007).

Galactic cosmic rays can't explain global warming

In summary, studies have shown that GCRs exert a minor influence over low-level cloud cover, solar
magnetic field has not increased in recent decades, nor has GCR flux on Earth decreased.  In fact, if GCRs
did have a significant impact on global temperatures, they would have had a net cooling effect over the past
50 years, especially over the past 50 years when global warming was strongest.  Sloan & Wolfendale (2013)
found that the contribution of solar activity and galactic cosmic rays (combined) to global warming is "less
than 10% of the warming seen in the twentieth century."
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The Skeptical Science website by Skeptical Science is licensed under a Creative Commons Attribution 3.0 Unported License.
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Skeptical Science explains the science of global warming and examines climate
misinformation through the lens of peer-reviewed research. The website won the Australian
Museum 2011 Eureka Prize for the Advancement of Climate Change Knowledge. Members
of the Skeptical Science team have authored peer-reviewed papers, a college textbook on
climate change and the book Climate Change Denial: Heads in the Sand. Skeptical Science
content has been used in university courses, textbooks, government reports on climate
change, television documentaries and numerous books.

The Skeptical Science website by Skeptical Science is licensed under a Creative Commons Attribution 3.0 Unported
License.
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